A novel fabrication method of elliptical-shaped preforms for polarization-maintaining fibers, developed using the VAD technology and based on the variation of the perform rotation velocity from zero to a maximum velocity in repeated cycles of 180°, allows modifying and controlling the preform geometry by choosing the process parameters, such as the maximum rotation velocity and the delay time on zero velocity positions. The effect of each process variable was studied through a mathematical modeling and simulation of the methodology, comprising a simplified model of the soot deposition process. Results demonstrated that preforms with high elUipticity can be obtained by increasing the delay time or decreasing the maximum rotation velocity. It was also observed that the effect of the delay time is more noticeable on the preform geometry than the contribution of maximum velocity. These facts were confirmed when compared to real deposition results, using a VAD chamber with gases fluxes set to l.SSxW^ mVs (SiCU) and CSxlO"*^ mVs (GeCl4), and setting the burner-target angle to a high deposition rate condition. It is expected that the improvement of the mathematical model can be very useful in order to determine the process conditions necessary to achieve any desired preform geometry, even before the deposition stage.
INTRODUCTION
Polarization-maintaining fiber (PMF) is a special kind of optical fiber that preserves the state of propagated hght, avoiding the fluctuation of the state-of-polarization. Apphcations for PMFs can be found on coherent optical systems, fiber sensors, and optical gyroscopes. This polarization preserving characteristic is usually obtained due to a controlled birefringence introduced onto the fiber core, generated by elliptical-shaped fiber cores or stress-applying structures inserted on the fiber cladding [1] [2] .
Most of PMF fabrication methods demand the accomphshment of additional procedures besides the manufacturing technology of usual fibers, making the PMF production complicated and expensive. For example, some techniques consist in cutting side portions of the ingot and polishing the ground surfaces, resulting in an almost elliptical design. The same result can be obtained by thermo-mechanically pressing the same side portions of previous procedure, instead of cutting. However, these methods imply the increase of costs and time spent during the fabrication. Moreover, the precise control of the core geometry is generally not achieved because of the direct manipulation of fiber perform during the additional steps [3] .
Concerning these problems, the present study relates the development of an automated technology for ellipticalshaped optical fiber preforms fabrication, implemented on the Vapor-phase Axial Deposition (VAD) method, as well as results about the effect of process parameters on the preform geometry obtained by simulated models.
METHODOLOGY
The VAD method is characterized by the deposition of silica and germania nanoparticles, generated by flame hydrolysis of metal hahdes, onto a target with constant rotation velocity and vertical movement governed by a diameter controller system. The soot is deposited in layers that grow on axial direction, producing a cylindricalshaped porous preform. After deposition, the preform is submitted to thermo-chemical processes, resulting in a totally transparent and consolidated preform. Figure 1 illustrates the instrumentation of VAD deposition stage [4] .
According to previous developments, an elliptical-shaped preform can be obtained by varying the perform rotation velocity during its deposition, applying repeated cycles of 180°. The cycle starts with zero velocity value, so the movement is accelerated until it reaches a maximum velocity. Then, the motion is decelerated, causing the preform to return to the zero velocity condition, and then the cycle is restarted. The movement is synchronized in such way that the positions of same velocity on a cycle are located on an opposite radial direction on the next cycle, while positions of zero and maximum velocity are shifted by 90°. Because of the burner is kept stationary on the deposition chamber and an automated system keeps a constant perform-bumer distance, the deposition rate on zero velocity positions is higher than on maximum velocity ones, resulting in an elliptical-shaped preform. Moreover, the deposited soot amount can be increased by applying controlled delay times on zero velocity positions. 
STUDY OF PROCESS PARAMETERS
The presented technology allows controlling the preform geometry by adjusting the process parameters (maximum velocity and delay time). In order to study the influence of these variables on the final product, simulations were conduced based on different conditions used in preforms deposition. The variation of the preform rotation velocity m along the time t can be described by equation (I), where Q. is the maximum velocity, td is the delay time, « is a coefficient that determines the status of movement (accelerated or decelerated motion), and c is a coefficient that manages the delay events and ensures the interruption of preform movement during td seconds when it reaches the zero velocity position. The simulation for the deposition process was also implemented, considering the axial deposition of parabolic layers of soot for each simulation step, where the greatest thickness of the layer is about 10"' times smaller than the initial radius of the target. Is spite of the model simplifications, the consequences were not critical for the simulations purposes.
Q
The presented model was successfully implemented in MATLAB, considering the target with an initial diameter of 100 mm and a discretization interval of 0.01 s for each simulation step. The simulation time was adjusted in order to simulate only one revolution of the preform (0 to 360°). A several number of Q. and tj values were tested by examining the influence of each process parameter independently, and the preform geometry (ellipticity) was analyzed by evaluating the ratio between major (D) and minor (d) diameters (D/d). Simulation conditions and results are described on Table 1 . It was observed that both parameters affect the preform elUipticity, but the contribution of Q. is less effective than tj when related to the diameters proportion. It was also observed that the ellipticity increases proportionally to tj and decreases slightly with the increment of Q..
The effect of process parameters was also verified for real preform depositions, using a VAD chamber with gases fluxes set to 2.33x10"*^ mVs (SiCL,) and 0.8x10"*^ m^/s (GeCU), and setting the burner-target angle to 45°, which achieves a high deposition rate condition. However, due to some apparatus restrictions, it was not possible to adjust the same internal pressure of chamber for all deposition cases, resulting in some differences on the processes efficiency. Because of simplifications during soot deposition modeling, diameters proportion values obtained by simulations were not the same of those achieved on real depositions, but it was observed that the behavior of experimental process parameters variation agrees to the simulated results. Deposition results are expressed on Table  2 . A comparison between simulation {Q. = 6 RPM, tj = 0) and deposition (Q. = 25 RPM, tj = 0) is demonstrated on Figure 3 . 
CONCLUSIONS
The elliptical-shaped preform fabrication method was successfully simulated and implemented on the VAD method, even considering some simplifications on the soot deposition model. Simulated and real experiments reveled that the preforms ellipticity can be improved by increasing the delay time or decreasing the maximum rotation velocity. Moreover, the development of a more complete mathematical model can be very useful in order to determine necessary conditions to achieve the desired preform ellipticity even before the deposition, and improve the control of the preform geometry.
